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COMPOSITES	MATERIALS	APPROPRIATE	FOR	HISTORICAL		
MASONRY	STRENGTHENING			
COMPOSITE MATERIAL 
MATRIX + REINFORCEMENT 
FABRICS FIBER POLYMERIC CEMENTITIOUS 
FRP FRCM 
First generation  innovative 
C , G , A 
traditional 
PBO,  UHTSS, BASALT  
innovative 
mineral	
Vegetal		
Pseudo-fabrics	
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REINFORCEMENT 
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. 
Mono-filament: basic elementary compound  
 
diam ± 10µm 
 
REINFORCEMENT of composite 
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ARMATURA	
(Cavo di filatura) tow: product of the spinning machine. 
Bundling filaments (±1000), no torsion  (senza ritorcitura)             FIBER 
rotante	
REINFORCEMENT of composite      
(Filato) spun yarn: assembled tows with torsion 
Assembled yarns =  Roving 
(Cavo di filatura)  tow 
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REINFORCEMENT of composite       
GLASS 
CARBON 
ARAMID 
PBO,  PVA … 
INORGANIC 
 ORGANIC 
continuous 
Trama e ordito TESSUTO 
weft and warp FABRIC 
Pseudo-TESSUTO 
Pseudo FABRIC 
MULTI-DIRECTIONAL 
. 
STEEL 
 
METALLIC 
COMPOSITE 
  
  
MONO-DIRECTIONAL 
BI-DIRECTIONAL 
  FIBERS MINERAL		BASALT		
FLAX		
VEGETAL		
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PBO  Fibers 
 Developed by TOYOBO Co. Japan named Pbo Zylon® . 
 thoughness, high modulus, resistance to abrasion, fire, UVA 
 better than Aramidic fibers. Low humidity absorbtion  (0.6%). 
MATERIAL DENSITY 
 
[kg/m3] 
ELASTIC 
MODULUS 
[GPa] 
TENSILE 
STRENGTH 
[MPa] 
RUPTURE 
ELONGATION 
[%] 
CRITIC 
TEMPERATURE 
[°C] 
PBO 1560 270 5800 2.15 650 
SINTETIC 
Co-valent Link with cement matrix 
Poliparafenilen-Benzo-bisOxazolo (PBO) 
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STEEL wires 
Initials: UHTSS      acronym : Ultra High Tensile Strength Steel   
small wires assembled with torsion  arranged in fabrics. 
 
Composites  
SRG (Steel Reinforced Cement-Grout) 
SRP (Steel reinforced Polymer) 
 patented by HARDWIRE, 
Reinforcement GOODYEAR used for pneus  
Pseudo-fabrics (mono-
directional): 
a) Low (4 trefoli / inch);  
b) Medium (12 trefoli / inch); 
c) High (23 trefoli / inch)  
STEEL YARN ? 
Steel fabrics 
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Fibers COMPARISON  1 
MATERIAL DENSITY’ 
[g/cm3] 
ELASTIC 
MODULus 
[GPa] 
Tensile 
Strength 
[MPa] 
Rupture 
elongation 
[%] 
HUMIDITY 
absorbment 
[%] 
GLASS   E 2.58 73 2000 3.5 0.5 
GLASS   S 2.58 86 3500 4.0 0.3 
CARBON 1.78 240 3400 1.4 0.1 
CARBON H-M 1.83 640 1900 0.5 0.1 
ARAMIDE 1.44 80 2800 3.3 4.5 
ARAMIDE H-M 1.45 125 2800 2.0 2.5 
PBO 1.56 270 5800 2.15 0.6 
Steel R.Bar 7.85 200 300-600 25.0 - 
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Fibers COMPARISON  2 
Glass E 
Steels r.bars 
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Pseudo-fabric, mono-directional 
Assembled yarns  or rovings 
Same direction 
carbon 
steel steel steel 
 
Transversal link 
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Pseudo-fabric, bi-directional 
 ASSEMBLED ROVINGS  
Two orthogonal directions 
 
NET 
Mesh /Grid/ 
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 FABRICS  (textiles) 
MONO-DIRECTIONAL 
Bi-directional 
Multi-Axial weft and warp  
Trama = weft 
Ordito = warp 
ORDITO (engl. WARP, french CHAINE,,spanish URDIMBRE) 
TRAMA (engl. WEFT, franch. TRAME, spanish TRAMA).  
Set of longitudinal yarns in which the transversal wires are inserted 
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Pseudo-fabric, multi-directional 
Rovings  
Different directions 
Mesh fabric 
Two ortogonal directions 
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        MATRIX 
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MATRIX of composite         
  
. 
 
 
 
CEMENT BASED (GROUT) 
 
FRCM Fiber Reinforced Cementitious Matrix  
  
COMPOSITE    
 POLYMERIC (RESIN)  
 
FRP  Fiber Reinforced Polymer  
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TECHNOLOGY of COMPOSITE 
MHMS	composites	 17	
TECHNOLOGY OF COMPOSITE 
APPLICATION 
•  In-lab 
•  In-situ 
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Hand-process 
Impregnation of fabric 
               In Lab 
In -situ 
ROLLER 
A and B components of epoxy resin 
MATRIX		
PREPARATION	
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MATRIX (CEMENT BASED) 
COMPOSITE FRCM 
FRCM 
1.  SUPPORT MATERIAL 
2.  FIRST LAYER OF MATRIX 
3.  MESH OF FIBER (pboFRCM) 
4.  SECOND LAYER OF MATRIX 
5.  SECOND MESH OF FIBER 
(opzionale) 
6.  THIRD LAYER OF MATRIX 
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1 1 1 
2 
 
 
cFRP mono-directional as crack arrestor 
Collapse Mechanism 
FRCM as crack arrestor 
Laminae cFRP 
as crack arrestor 
P L A T I N G  technique  
1 
2 
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 carbon mesh cFRCM 
Roman Arch re-construction in Rimini (Italy) 
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Bed	Joint	Revitalizing		
GeoSteel	200	KK	
FRCM			
In-lab		
ConneVore	DRY-FIX		KK		
Anchor application 
Aramid	anchor		
Estrados	of	bridge	in	Venezia		
hole	
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COMPOSITE FAILURE 
•  DIFFERENT MECHANISMS 
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FRCM:  Mechanism of collapse 
Telescopic fracture 
TEST: PULL OUT of ROVING 
ADHESION OF EXTERNAL FILAMENTS TO CEMENTITIOUS MATRIX. 
C moderate adesion   -   PBO stronger adhesion 
Internal filaments remain dry and during collapse exhibit friction. 
Ductile rupture 
German	Research	Group	RepresentaYon		
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Support material + FRCM 
Mechanics of collapse 
Concrete	
(d)	
Fc	 Fc+ΔFc	
Sip	 Matrix	Fibers	
Ft	 Ft+ΔFt	
Delamination 
In the support 
Debonding at 
interface  fibers sliding 
Delamination 
Inside layer  
GENERAL ASPECTS 
RepresentaYon		
from	F.	Focacci	et	al.	MHMS	composites	 27	
Evidence	of	debonding	or	delamina0on	of	the	brick	masonry	for	a	FRP	lamina	applica0on	
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EVOLUZIONE		(@2016)	dei		sistemi	FRP,	FRCM:	
	
	
#1_PLATING:		
Matrici	con	legante	INORGANICO	(calce	e/o	cemento)	premiscelato		
Armatura	con	reY	ibride	a	ﬁlamenY	di	AISI	e/o	BASALTO	
	
#2_REPOINTING:	
Matrici	con	legante	INORGANICO	compaYbile	chimicamente		
con	malta	anYca	esistente.	
Armatura	con	barre	in	ﬁbra	Basalto	o	barreVe	elicoidali	in	AISI	
#3_B.	J.	REVITALIZING	:	
	Matrici	con	legante	INORGANICO	(calce	e/o	cemento)	premiscelato		
Armatura	con	reY	ibride	a	ﬁlamenY	di	AISI	e/o	BASALTO	
	
19/10/16	
T=	force	due	to	inhibitor	device		
Ѓ=	Fracture	Energy	of	substrate		
N=	force	ContribuYon	of	connectors		
G=P	
19/10/16	 31	
1		
PLATING	under	Plaster	
STEEL	FABRIC	in	inorganic	Matrix		
2		
1	
TEJIDO	DE	ACERO	EN	LA	MATRIZ		INORGANICA		
Enchapado	BAJO	ENLUCIDO		
CupoleVa	s	Barnaba	
Modena	
FRCM	
	STAINLESS	STEEL	NET	+	inorganic	matrix		

	
TYPOLOGIES	OF	COMPOSITES	SUITABLE	FOR	STRENGTHENING	
HISTORICAL	CONSTRUCTIONS:		
(FRP),	FRCM,	(SRG,	TRM)	
	
Composites		as		mechanism	inhibitors	
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Exemplar	applicaYons		
MACRO-ELEMENT “LATERAL WALL”: STRENGTHENING DESIGN 
THE APPLICATION OF THE STRENGTHENING ON THE TOP OF THE WALL UNDER TIMBER 
ROOF IS A VERY INTERESTING SOLUTION. 
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FRCM		
LATERAL	WAAL	OF	CHURCH			
FLAT		RING	BEAM		
Stainless	Steel	net	or	hybrid	with	basalt	
	in	lime	based	matrix			
MACRO-ELEMENT	“ARCO	TRIONFALE”	
THE APPLICATION OF THE STRENGTHENING ON THE EXTRADOS OF THE ARCH IS A VERY 
EFFICIENT SOLUTION. ON THE OPPOSITE SIDES OF THE STRENGTHENED SURFACE NO 
HINGES ARE ALLOWED TO FORM. THE NEW COLLAPSE MECHANISM WILL ACTIVATE 
WITH A  BIGGER LOAD MULTIPLIER THAN THE PREVIOUS ONE. 
-	
Poten0al	F.L.	
without		reinforcement	
Mode	Ib	
FRP 
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FRCM	
MACROELEMENT FAÇADE: STRENGTHENING DESIGN 
THE APPLICATION OF FRCM STRIPS  
CAN AVOID BOTH IN PLAIN AND OUT OF PLAIN COLLAPSE MECHANISM 
D.Bufo (PhD thesis):  
3D representation of the  
façade strengthening design  
of S.Biagio’s church  
in Modena with FRP 
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UNDER	PLASTER		
FAÇADE	WALL		


FIG	12a		
Fig	12b	
TEATRO	PAVAROTTI	–	MODENA		
PROSPETTO	RETRO-PALCOSCENICO	
RETRO	FACCIATA		
SENZA	ORIZZONTAMENTI	INTERMEDI	
	
CASO	SIMILE	FACCIATA	CHIESA	
Fig	13b	
FIG	13a			
TEATRO	PAVAROTTI	–	MODENA		
α0	
FIG	14a			 Fig	14b	
						PLATING							SOTTO	INTONACO					INIBITORE	DI	MECCANISMO		
ε0	

COMMENTS			
THE	GLOBAL	APPROACH	WTH	MODELS	FEM	APPLIED	TO	THE	COMPLEX	MASONRY	
	STRUCTURES	IS	NOW	SOMETIMES		NOT	COMPLETE	FOR	THE	UNKNOWN	SITUATION	
	OF	CONNEXION	AMONG	MACRO-ELEMENTS.	
AN	EVAUATION	THROUGH	THE	ANALYSIS	OF	EVERY	MACROELEMENT	CAN	BE	
	ALSO	EFFECTIVE	TO	CAPTURE	LOCAL	MECHANISMS		
THIS	CAN	BE	DONE	WITH	LINEAR	KINEMATIC	APPROACH	USING	FEW	ESSENTIAL		
PARAMETERS	
THE	INTERACTION	AMONG	ELEMENTS	IS	THE	MOST	PROBLEMATIC	ASPECT		
THE	INHIBITORS	OF	MECHANISMS	(APPROPRIATE	FOR	HISTORIC	MASONRY)	CAN	BE		
VERY	EFFECTIVE	
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